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(57) ABSTRACT

A semiconductor memory device includes a memory cell,
and a dynamic latch type sense amplifier including transis-
tors that form not only a dynamic latch circuit which holds
or releases data but also charge transfer gates via which
charges are applied to or recerved from bit lines. Data 1s read
from the cell connected to the bit lines at a same time as a
precharging operation on the bit lines.
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SEMICONDUCTOR MEMORY DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mmvention generally relates to semiconductor
memory devices, and more particularly to a semiconductor
memory device equipped with a dynamic latch type sense
amplifier which amplifies complementary signals. The
dynamic latch type sense amplifier 1s configured as follows.
The potentials of capacitances coupled to a pair of bit lines
connected to a cell (memory element) are set equal to each
other before data 1s read from the cell. When the data 1s read
from the cell, the fine potential difference between the pair
of bit lines 1s amplified by a flip-flop type circuit, and
amplified data 1s output.

Recently, 1t has been required that the semiconductor
memory devices such as SRAM (Static Random Access
Memory) devices have a reduced cell data read time and a
reduced power consumption as the electronic devices
equipped with the semiconductor memory devices have
advanced performance.

2. Description of the Related Art

A conventional semiconductor device will be described
with reference to FIGS. 1, 2 and 3.

FIG. 1 1s a block diagram illustrating the overall structure
of an SRAM device.

The SRAM device 1s equipped with a memory cell array
10, a row address buffer 12, a row decoder 14, a word driver
16, a column address buffer 18, a column decoder 20, a
column select switch 22, a sense amplifier 24C, an mput/
output data control circuit 26, a chip enable buffer 28, a write
enable buffer 30, a precharge power source 32C and a timing
ogenerator 33. The memory cell array 10 has memory ele-
ments or cells that are arranged 1n a matrix formation and
function to store data in static fashion.

A row address signal and a column address signal are
temporarily stored 1 the row address buffer 12 and the
column address bufler 18, respectively, and are then output
to the row decoder 14 and the column decoder 20.

The decoded row address signal 1s input to the word driver
16. and the decoded column signal 1s 1nput to the column
select switch 22. Thus, the cell specified by the row and
column addresses 1s selected from among the cells of the
memory cell array 10. Then, data 1s read from or written 1nto
the selected cell. At that time, the sense amplifier 24C
functions to amplily the data read from the selected cell. The
amplified data signal is output via the input/output data
control circuit 26.

A chip enable signal selects one of a plurality of SRAM
devices (chips) which configure a memory system. When the
SRAM devices are set to be 1n the non-selected or disabled
states by the respective chip enable signals, all the mternal
circuits of the SRAM devices are in the disabled states.
Hence, power consumed 1n the memory system can be
reduced. A write enable signal 1s an external input signal that
controls a data write/read operation on the memory cell
array 10.

The chip enable signal and the write enable signals are
input to the mput/output data control circuit 26 via the chip
enable buffer 28 and the write enable buifer 30, respectively.
The precharge power source 32C 1s connected to the sense
amplifier 24C, and sets the sense amplifier 24C to a given
potential VCCH (precharge potential).

The timing generator 33 generates reference or timing,
signals used to pull the operation timings of the circuits in
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2

the SRAM device in phase. The reference signals are
ogenerated by a synchronizing signal externally supplied to
the SRAM device, and are then applied to, for example, the
buffers and sense amplifier 24C.

Next, the sense amplifier 24C will be described with
reference to FIGS. 2 and 3.

FIG. 2 exemplary shows the sense amplifier 24C and a
cell (cell C) connected to a pair of bit lines BLX and BLZ.

The sense amplifier 24C includes n-channel MOS (Metal
Oxide Semiconductor) transistors Q1, Q2, Q3 and Q4. The
cell C includes p-channel MOS transistors P7 and P8 and
nMOS transistors Q7, Q8, Q9 and Q10.

The precharge power source 32C applies a potential
VCC-PC (for example, 1.5 V) to the sense amplifier 24C.
The transistors P1 and P2 connected to the precharge power
source 32C are used to precharge the bit lines BLX and BLZ,
respectively. A precharge control signal PCZ generated by
the timing generator 33 1s applied to the gates of the
transistors P1 and P2.

The gates of the transistors Q1 and Q2 are connected to
the drains of the transistors Q2 and QI1, respectively, and
form a flip-tlop circuit. The sources of the transistors Q1 and
Q2 are respectively connected to nodes NX and NZ.

The transistors Q3 and Q4 function as pull-down transis-
tors 1n which the sources thereof are set at the ground
potential GND. The transistors Q5 and Q6 function as
charge transfer transistors in which the drains thereof are
connected to output terminals OUTX and OUTZ and the
sources thereof are connected to the bit lines BLX and BLZ,
respectively.

The output terminals OUTX and the OUTZ are connected
to the mput/output data control circuit 26 shown in FIG. 1.
The gates of the transistors Q3 and Q4 are supplied with a
sense enable signal Enx from the timing generator 33 shown
in FIG. 1. The gates of the transistors Q5 and Q6 are

supplied with a column select signal CLx from the column
decoder 20 shown 1 FIG. 1.

The gates of the transistors PS and P6 are supplied with
a bit line reset signal BLRST generated by the timing
ogenerator 33. When the bit line reset signal BLRST 15 at the
oround potential GND, the transistors P53 and P6 arec turned
on and the bit lines BLX and BLZ are reset to the potential
VCC.

The cell C1s made up of the transistors P7, Q7, P8 and Q8
which form a flip-tlop circuit, and nMOS transistors Q9 and
Q10 for use 1n the read/write operations. The signal trans-
ferred over the word line WL 1s applied to the gates of the
transistors Q9 and Q10. When the transistors Q9 and Q10
are turned on, the potential of the bit line BLX or BLZ 1s
pulled down 1n accordance with the state of the flip-tlop
circuit. Hence, data stored in the cell C can be read. The
potential difference between the bit lines BLX and BLZ 1s
amplified by the sense amplifier 24C. When a large ampli-
tude of the bit line potential difference 1s applied through the
transistors QY and Q10, data can be written 1nto the flip-flop
circuit.

After a standby period, the sense amplifier 24C charges
the capacitances coupled to the bit lines BLX and BLZ
during a precharge period. After that, the signal on the word
line 1s applied to the cell C during a cell read period, and the
data 1s read from the cell C. The read data 1s amplified by the
sense amplifier 24C during a sense period.

FIG. 3 shows the above-mentioned cycle, 1n which volt-
ages and signals are 1llustrated to describe the operation of
the sense amplifier 24C shown 1n FIG. 2.
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During the standby period, the precharge control signal
PCZ 1s at the ground level GND, and the pMOS transistors
P1 and P2 for use 1n precharging are on. Hence, the output
terminals OUTX and OUTZ are precharged to the potential
VCCH.

During the precharge period following the standby period,
the gates of the pMOS transistors PS and P6 are supplied
with the bit line reset signal BLRST of the potential VCC

(high level) to which the bit lines BLX and BLZ are reset.
Hence, the transistors P5 and P6 are off.

At that time, the column select signal CLx of the high-
level potential VCCH (>VCC) is applied to the gates of the
nMOS transistors QS and Q6, which are thus turned on.
Hence, the bit lines BLX and BLZ are charged via the
transistors Q3 and Q6 from the transistors P1 and P2. In that
manner, the bit lines BLX and BLZ are precharged. The
potentials of the bit lines BLX and BLZ after the precharg-
ing are lower than the potential VCCH by the threshold
voltages Vth of the transistors QS5 and Q6.

During the cell read period, the precharge control signal
PCZ 1s set to the potential VCCH (high level) so that the
transistors P1 and P2 are turned off. At that time, when the
signal of the potential VCCH (high level) is transferred over
the word line WL, the transistor Q9 and Q10 are turned on,
and the potential of one of the bit lines BLX and BLZ (for

example, BLZ) is pulled down.

When the potential of the bit line BLZ 1s decreased, the
gate-source voltage VGS of the transistor Q6 having the
source connected to the bit lie BLZ becomes greater than the
threshold voltage Vth (VGS>Vth), the transistor Q6 is
turned on. Hence, the drain (OUTZ) of the transistor Q6 that
was potentially 1n the floating state 1s decreased. At that
fime, the gate-source voltage VGS of the transistor Q35 1s
approximately equal to the threshold voltage Vth, and 1s
approximately off. Hence, the output terminal OUTX 1s
maintained at the potential VCCH previously precharged.

The potential difference between the output terminals
OUTX and OUTZ becomes larger than the difference
(approximately equal to 0.1 V) between the threshold volt-
ages Vth by reading the data from the cell.

During the sense period, the gates of the nMOS transistors
Q3 and Q4 for use 1n the pull-down operation are supplied
with the sense enable signal Enx of the potential VCC (high
level). Hence, the transistors Q3 and Q4 are turned on. At
that time, the column select signal CLx 1s set to the ground
potential GND, and the transistors QS and Q6 are turned off.
Hence, the bit lines BLX and BLZ are electrically 1solated.

Since the potential difference between the output termi-
nals OUTX and OUTZ 1s already set equal to or greater than
the mismatch value of the threshold voltages Vth of the
transistors Q1 and Q2 during the cell read period, the
dynamic latch formed of the ftransistors Q1 and Q2 1is
activated when the transistors Q3 and Q4 are turned on.
Hence, a current flows 1 a route including the output
terminal OUTZ, the transistor Q2 and the transistor Q4 1n
this order. Thus, the output terminal OUTZ 1s decreased to
the ground potential GND. The gate potential of the tran-
sistor Q1 1s decreased and 1s thus retained 1n the off state,
and the potential of the output terminal OUTX 1s kept high.

As described above, the sense amplifier 24C precharges
the bit lines BLX and BLZ and thus sets the gate-source
voltages VGS of the transistors Q3 and Q6 to be approxi-
mately equal to the threshold voltages Vth. Additionally, the
flip-flop circuit causes the potential difference between the
output terminals OUTX and OUTZ to be equal to or greater
than the mismatch value of the threshold voltages Vth of the
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transistors Q1 and Q2. Then, the potential latch 1s carried
out. Thus, the potential differences between the transistors
Q1 and Q2 and between the transistors QS and Q6 can be

compensated for.

It takes about 10 ns to precharge the bit lines BLLX and
BLZ by setting, 1n the precharge period, the potential of the
column select signal CLx to the high level so that the charge
transfer gates Q5 and Q6 are turned on. This prevents the
total operation time from being reduced. Further, since the
potential of the precharge power source 32C 1s always
maintained at the potential VCCH (>VCC), there are the
potential differences between the output terminals OUTX
and OUTZ and between the bit lines BLX and BLZ even
during the standby period and the sense period 1n which
per1ods the charge transter gates QS5 and Q6 are closed. The
above potential differences result 1n a fine leakage current,
which increases power consumption of the semiconductor
device.

SUMMARY OF THE INVENTION

It 1s a general object of the present invention to provide a
semiconductor memory device in which the above disad-
vantages are eliminated.

A more specific object of the present invention is to
provide a semiconductor memory device equipped with a
sense amplifier capable of reading data with a reduced time.

Another object of the present mnvention 1s to provide a
semiconductor memory device in which the voltage of a
precharge power source 1s controlled 1n accordance with an
operation of a sense amplifier so that occurrence of a leakage
current can be prevented and power consumption can be
reduced.

The above objects of the present mnvention are achieved
by a semiconductor memory device comprising: a memory
cell; and a dynamic latch type sense amplifier including
transistors (Q1, Q2) that form not only a dynamic latch
circuit which holds or releases data but also charge transfer
cgates via which charges are applied to or received from bat
lines, data being read from the cell connected to the bit lines
at a same time as a precharging operation on the bit lines.
Since the precharging and the cell read can simultaneously
be carried out whereby the total data read time can be
shortened.

The semiconductor memory device may be configured so
that 1t further comprises a power source which applies a
precharging potential to the bit lines at the time of precharg-
ing and applies a given potential lower than the precharging
potential to the bit lines at a time other than the time of
precharging. During periods other than the precharging
period, the same potentials as the potentials of the bit lines
are applied to the sense amplifiers, so that occurrence of a
leakage current can be prevented.

The semiconductor memory device may be configured so
that the transistors are two transistors connected in cross-
coupled formation with respect to the bit lines.

The above objects of the present invention are also
achieved by a semiconductor memory device comprising: a
memory cell; and a sense amplifier of a dynamic latch type
including first and second n-channel transistors which have
drains connected to first and second output terminals of the
sense amplifier, respectively, gates connected to the second
and first output terminals, respectively, and sources con-
nected to first and second bit lines, respectively. Hence, it 1s
possible to provide the semiconductor device equipped with
the sense capable of simultaneously performing the pre-
charging operation and the cell read operation.
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The semiconductor memory device may be configured so
that the sense amplifier further comprises third and fourth
n-channel transistors which have gates receiving a common
control signal, drains connected to the sources of the first
and second n-channel transistors, respectively and sources
connected to a given potential.

The semiconductor memory device may be configured so
that the sense amplifier further comprises first and second
p-channel transistors which have gates receiving a common
control signal, sources connected to the sources of the first
and second n-channel transistors, respectively, and drains
connected to the first and second bit lines, respectively.

The semiconductor memory device may be configured so
that the sense amplifier further comprises first and second
p-channel transistors which have gates receiving a common
control signal, sources connected to the sources of the first
and second n-channel transistors, respectively, and drains
connected to the first and second bit lines, respectively.

The semiconductor memory device may be configured so
that the sense amplifier further comprises third and fourth
p-channel transistors which have gates receiving a common
precharge control signal, sources connected to a given power
source, and drains connected to first and second output
terminals of the sense amplifier, respectively.

The semiconductor memory device may be configured so
that the cell 1s an SRAM cell.

The semiconductor memory device may be configured so
that 1t further comprises a power source which applies a
percharging potential to the bit lines at the time of precharg-
ing and applies a given potential different from the precharg-
ing potential to the bit lines at a timer other than the time of
precharging.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects, features and advantages of the present
invention will become more apparent from the following
detailed description when read mm conjunction with the
accompanying drawings, 1n which:

FIG. 1 1s a block diagram of an overall structure of a
conventional semiconductor memory device;

FIG. 2 1s a circuit diagram of a memory cell and a related
sense amplifier shown in FIG. 1;

FIG. 3 1s a timing chart showing an operation of the circuit
shown 1n FIG. 2;

FIG. 4 1s a circuit diagram of a sense amplifier related to
a cell according to a first embodiment of the present mven-
tion;

FIG. 5 1s a timing chart showing an operation of the circuit
shown 1n FIG. 4;

FIG. 6 15 a circuit diagram of a sense amplifier related to
a cell according to a second embodiment of the present
mvention;

FIG. 7 1s a timing chart showing an operation of the circuit
shown 1n FIG. 6; and

FIG. 8 1s a circuit diagram of a precharge power source
shown 1n FIG. 6.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A description will now be given of semiconductor
memory devices according to embodiments of the present
invention.

A first embodiment of the present invention 1s based on
the following principle. Two transistors of a dynamaic latch
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6

type sense amplifier which amplifies a potential difference
appearing on bit lines in an SRAM device also function as
precharging transistors and cross-coupled transistors for
potential latch. At the same time as the bit lines are
precharged, data 1s read from a selected cell. Hence, the
operation cycle can be speeded up.

The overall structure of the semiconductor memory
device 1s the same as shown in FIG. 1 except for the
structures of the sense amplifier and the precharge power
SOurce.

Now, a description will be given of a sense amplifier 24A
provided 1n the semiconductor memory device according to
the first embodiment of the present invention.

FIG. 4 1s a circuit diagram showing the sense amplifier
24A and a cell A connected to bit lines BLX and BLZ. The

sense amplifier 24A includes nMOS transistors Q1, Q2, Q3
and Q4, and the cell A ncludes pMOS transistors P7 and P8
and nMOS transistors Q7, Q8, Q9 and Q10.

A precharge power source 32A applies a potential VCC-
PC (for example, 1.5 V) to the sense amplifier 24A. The
transistors P1 and P2 connected to the precharge power

source 32A function to precharge the bit lines BLX and
BLZ. The gates of the transistors P1 and P2 are supplied
with the precharee control signal PCZ from the timing
generator 33 shown 1 FIG. 1.

The gates of the transistors Q1 and Q2 are connected to
the drains of the transistors Q2 and Q1, respectively, and
form a tlip-flop circuit. The sources of the transistors Q1 and
Q2 are respectively connected to the nodes NX and NZ. The
transistors Q1 and Q2 function as a dynamic latch.

The transistors P3 and P4 are used for column selecting,
and function as transfer gates to the bit lines BLX and BLZ
which are paired.

The transistors Q3 and Q4 are pull-down transistors and
the sources thereof are set at the ground potential GND. The
sense enable signal ENx generated by the timing generators
33 shown 1n FIG. 1 1s applied to the gates of the transistors
P3, P4, Q3 and Q4. The drains of the transistors P3 and P4
are respectively connected to the bit lines BLX and BLZ.

Data amplified by the sense amplifier 24 A 1s output to the
data output terminals OUTX and OUTZ.

The transistors Q1 and Q2 of the sense amplifier 24A
function as potential latch transistors and precharging tran-
sistors. Hence, a reduced number of transistors forms the
sense amplifier and the parasitic capacitances are also
reduced, as compared with the sense amplifier 24C shown 1n
FIG. 2. Also, the gates of the transistors Q3, Q4, P3 and P4
are supplied with the identical signal. Hence, the single
signal can pull down the voltages of the output terminals and
1solate the bit lines from the sense amplifier 24A.

The cell A1s made up of the transistors P7, Q7, P8 and Q8

forming a flip-flop circuit, and read/write transistors Q9 and
(Q10. The signal transferred over the word line 1s applied to
the gates of the transistors Q9 and Q10 which are thus turned
on. Thus, the potential of the bit line BLX or BLZ 1s pulled
down 1n accordance with the state of the tlip-flop circuit, so
that data can be read from the cell A. Data can be written into
the flip-tlop circuit of the cell A when a large amplitude of

the bit line potential difference 1s applied thereto via the
ransistors Q9 and Q10.

After the standby period, the sense amplifier 24A simul-
taneously performs the precharge operation and the cell read
operation. The precharge operation precharges the capaci-
tances coupled to the bit lines BLX and BLZ. In the cell read
operation, data 1s read from the selected cell. During the
sense period, the read data 1s amplified by the sense ampli-

fier 24 A.
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FIG. 5 shows an operation of the circuit shown in FIG. 4.

During the standby period, the output terminals OUTX
and OUTYZ, the bit lines BLX and BLLZ and the nodes NX

and NZ are at the potential VCC (for example, 1 V).

During the precharge/cell read period, the potential of the
precharge control signal PCZ applied to the gates of the
transistors P1 and P2 is set to zero (ground potential GND).
At that time, the transistors P1 and P2 are turned on, and
currents flow from the sources of the transistors P1 and P2
to the drains thereof. Hence, the output terminals OUTX and
OUTZ connected to the drains of the transistors P1 and P2
are precharged to the potential VCCPC (>VCC).

In the state 1n which the output terminals OUTX and
OUTZ have been precharged to the potential VCCPC, the
transistors Q1 and Q2 function as a source-follower circuit.
Thus, the potentials of the nodes NX and NZ connected to
the sources of the transistors Q1 and Q2 are lower than the
precharge power source voltage VCCPC by the threshold
voltages Vth of the transistors Q1 and Q2. At that time, when
the sense enable signal ENX 1s at the ground potential GND
and the column select gates P3 and P4 are on, the bit lines

BLX and BLZ are precharged.

When the potential VCCPC (high level) of the word line
1s applied to the cell A, which 1s thus selected, either the bit
line BLX or the bit line BLZ 1s pulled down toward the
orand potential GND by the current flowing 1n the cell A. It
the potential of the bit line BLLZ 1s decreased by the selected
cell A, the potential of the node NZ becomes lower than that

of the node NX.

In a case where the threshold voltage Vth of the transistor
Q1 1s different from that of the transistor Q2, the precharged
potential of the node NX obtained when the precharging 1s
completed will be different from the precharged potential of
the node NZ 1if there 1s no cell current. However, the sources
of the transistors Q1 and Q2 have been charged up to the
potential that 1s lower than the precharge potential VCCPC
by the threshold voltages Vth thereof. Hence, the transistor
Q2 1n which the cell current passes has the gate-source
voltage VGS greater than the threshold voltage Vth, and 1s
thus turned on. As a result, even 1f the nodes NX and NZ are
at different potentials after the precharging, the on/off opera-
tions of the transistors Q1 and Q2 depend on the direction in
which the cell current 1s drawn. Thus, the operation directed
to compensating for the difference between the threshold
voltages Vth of the transistors Q1 and Q2 can be performed.

During the sense period, when the potential of the pre-
charge control signal PCZ applied to the gates of the
transistors P1 and P2 1s switched to the high level, the
transistors P1 and P2 are turned off, and the precharging of
the output terminals OUTX and OUTZ 1s stopped. If the data
on the bit line 1s drawn to the cell A and the potentials of the
bit line BLZ and the node NZ are slightly higher than those
of the bit line BLLZ and the node NX, the gate-source voltage
VGS of the transistor Q2 will be greater than the threshold
voltage Vth of the transistor Q2. Hence, current flows from
the output terminal OUTZ to the node NZ via the transistor
Q2. Thus, the potential of the output terminal OUTZ 1s
rapidly decreased to the source potential of the transistor Q2.

When the potential of the output terminal OUTZ 1s
decreased to the source potential of the transistor Q2, the
cgate of the transistor Q1 1s decreased as well because the
cgate of the transistor Q1 1s connected to the output terminal
OUTZ. Hence, the gate-source voltage of the transistor Q1
becomes equal to or less than the threshold voltage Vth, and
the transistor 1s turned off. Hence, no current flows from the
output terminal OUTX to the node NX via the transistor Q1.
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Hence, the output terminal OUTX coupled to the drain of the
transistor Q1 1s maintained at the precharge voltage VCCPC.
In practice, a slight voltage drop will occur because the
transistors Q1 and Q2 are gate-coupled 1n capacitance
fashion. The potential difference between the output termi-
nals OUTX and OUTZ 1s approximately equal to or greater
than the mismatch value of the threshold voltage Vth.

Further, during the sense period, the sense enable signal
ENx of the potential VCC (high level) 1s applied to the
pull-down nMOS transistors Q3 and Q4. Hence, the tran-
sistors Q3 and Q4 are turned on, and current flows from the
node NZ to the ground GND. Thus, the potential of the

output terminal OUTZ 1s rapidly decreased to the ground
GND.

In contrast, the gate potential of the transistor Q1 1s
decreased 1n accordance with a decrease in the potential of
the output terminal OUTZ. Hence, the transistor Q1 1is
retained 1n the off state, and current does not flow from the
drain of the transistor Q1 to the source thereof, whereby the
potential of the output terminal OUTX 1s not dropped.

At the same time or slightly after the potential of the
precharge control signal PCZ 1s returned to the high level,
the potential of the word line 1s returned to the ground level
GND, and power consumption by the cell current 1s stopped.

By the above-mentioned operation, the potential of the
output terminal OUTX becomes a potential slightly higher
than the potential VCC and becomes equal to, for example,
1.2 V. The potential of the output terminal OUTZ becomes
the ground potential GND because the transistors Q2 and Q4
are turned on. Hence, the fine potential difference between
the bit lines BLX and BLZ caused by the cell current is
amplified by the dynamic latch operation of the transistors

Q1 and Q2.

During the sense period, the sense enable signal ENX 1s
set to the high-level potential VCC, and the transistors P3
and P4 are turned off. Hence, the bit lines BLLX and BLZ are
clectrically 1solated 1n order to prevent occurrence of varia-
tions In the bit line potentials. Hence, large amounts of the
bit line load capacitances are 1solated from the sense ampli-
fier 24A, so that variations in the bit line potentials can be
prevented and the sense amplifier 24 A can perform the latch
operation more rapidly and reduce the power consumption.

Since the precharge operation and the cell read operation
are simultaneously carried out, a slight leakage current
occurs during that period. As described before, the transis-
tors Q1 and Q2 operate at operating points close to the
threshold voltages Vth. Thus, only a very small amount of
leakage current flows. That 1s, the most cell current 1s used
to decrease the potentials of the nodes NX and NZ.

As described above, the sense amplifier 24A simulta-
neously performs the precharge operation and the cell read
operation, so that the time it takes to read cell from the
selected cell can drastically be reduced.

A description will now be given, with reference to FIGS.
6,7 and 8, of a semiconductor memory device according to
a second embodiment of the present invention. The overall
structure of the semiconductor memory device according to
the second embodiment of the present mnvention 1s as shown
in FIG. 1 except for the sense amplifier and the precharge
power source. The semiconductor memory device of the
second embodiment 1s equipped with a cell B. which has the
same circult configuration as the cells A and C.

A sense amplifier 24B used 1n the second embodiment of
the present 1nvention 1s configured by modifying the sense
amplifier 24A so that the column select signal CLz 1s applied
to the column select gates formed of the transistors P3 and
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P4 separately from the sense enable signal ENx applied to
the pull-down transistors Q3 and Q4. A precharge power
source 32B applies a potential VCCH (for example, 1.5 V)
higher than the potential VCC to the sense amplifier 24B
only during the precharge period and the cell read period,
and applies the potential VCC (for example, 1.0 V) during
the other periods.

As 1 the case of the sense amplifier 24A, the sense
amplifier 24B simultaneously performs, after the standby
per1od, the precharging of the capacitances coupled to the bit
lines BLX and BLZ and the cell read. The read data is
amplified by the sense amplifier 24B during the sense
period.

FIG. 7 shows an operation of the circuit shown in FIG. 6.

During the standby period, the precharge power source
32B, the bit lines BLX and BLZ and the column select signal
are at the potential VCC (high level). The bit line control
signal BLLRST, the sense enable signal ENx and the word
line WL are at the ground potential GND. The potential of
the precharge control signal PCZ 1s at the potential VCCH
(high level), and thus the transistors P1 and P2 are both off.

Since the precharge power source 32B and the bit lines
BLX and BLZ are at the equal potential, 1t 1s possible to
prevent leakage currents from respectively flowing 1n a route
of the transistors P1, Q1 and P3 and a route of the transistors

P2, Q2 and P4.

During the precharge/cell read period, the potential of the
precharge control signal PCZ 1s decreased to the ground
level GND, and thus the precharge transistors P1 and P2 are
turned on. At that time, currents flow from the precharge
power source 32B at the potential VCCH, and precharge the
output terminals OUTX and OUTZ.

In the state 1n which the output terminals OUTX and
OUTZ have been precharged to the potential VCCH, the
transistors Q1 and Q2 function as a source-follower circuit.
Thus, the potentials of the nodes NX and NZ coupled to the
sources of the transistors Q1 and Q2 are lower than the
precharge potential VCCH by the threshold voltages Vth of
the transistors Q1 and Q2. Hence, if the column select signal
CLz 1s at the ground potential GND and the transistors P3
and P4 are on, the transistors Q1 and Q2 function as nMOS
bit line loads. When the potential of the word line WL
becomes equal to the potential VCCH so that the cell B 1s
selected, the bit line BLX or BLZ 1s pulled down to the
oground potential GND due to the function of the cell current
in accordance with the data stored in the cell B.

When the potential of the precharge control signal PCZ
applied to the gates of the transistors P1 and P2 1s switched
to the potential VCCH, the transistors P1 and P2 are turned
oif, and the precharging of the output terminals OUTX and
OUTZ are stopped. At that time, the potential of the pre-
charge power source 32B 1s decreased to the potential VCC.

If the potentials of the bit line BLZ and the node NZ are
slightly lower than the potentials of the bit line BLX and the
node NX, the potential difference between the gate and
source of the transistor Q2 1s greater than the threshold
voltage Vth, and thus current flows from the output terminal
OUTZ to the node NZ via the drain and source of the
transistor Q2. Hence, the potential of the output terminal
OUTZ 1s rapidly decreased to the same potential as that of
the source of the transistor Q2.

When the potential of the output terminal OUTZ i1s
decreased to the same potential as that of the source of the
transistor Q2, the gate of the transistor Q1 1s also decreased
because the above gate 1s connected to the output terminal
OUTZ. Hence, the potential difference between the gate and
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source of the transistor Q2 becomes equal to or less than the
threshold voltage Vth, and the transistor Q2 1s turned off

Hence, the output terminal OUTX coupled to the drain of
the transistor Q1 1s substantially maintained at the precharge
potential VCCH. A slight voltage drop will occur because
the transistors Q1 and Q2 are gate-coupled in capacitance
fashion. The potential difference between the output termi-
nals OUTX and OUTZ 1s approximately equal to or greater
than the mismatch value of the threshold voltage Vth.

At that time, 1f the potential of the sense enable signal
ENx 1s equal to the potential VCC, the pull-down transistors
Q3 and Q4 are turned on, and current flows from the node
NZ to the ground GND. Thus, the potential of the output
terminal OUTZ 1s rapidly decreased. In contrast, the gate
potential of the transistor Q1 1s decreased in accordance with
decrease 1n the potential of the output terminal OUTZ, and
he transistor Q1 1s retained 1n the off state. Hence no current

t
flows from the drain of the transistor Q1 to the source
t
d

hereof, and the potential of the output terminal OUTX 1s not
lecreased.

As described above, the output terminal OUTX 1s main-
tained at the potential VCC due to the dynamic operation of
the transistors Q1 and Q2, while the output terminal OUTZ
1s changed to the ground potential. Simultancously, the
potential of the column select signal CLz of the potential
VCC turns off the column select gates P3 and P4, so that the
potentials of the bit lines BLX and BLZ can be prevented
from being decreased.

The precharging operation and the cell read operation are
simultaneously carried out, and the column select gates P3
and P4 are off. Hence, large amounts of the bit line load
capacitances are 1solated from the sense amplifier 24B, so
that variations in the bit line potentials can be prevented and
the sense amplifier 24B can perform the latch operation
more rapidly and reduce the power consumption.

It will now be assumed that the transistors Q1 and Q2 of
the circuit shown 1n FIG. 4 have a comparatively low
threshold voltage Vth (for example, 0.2 V) for low-voltage
use, while the potentials of the bit lines BLLX and BLZ are
VCC (1.0 V) and the precharge power source voltage is
equal to 1.5 V. During the standby period, leakage currents
approximately equal to 0.1 um flows 1 a route of the
transistors P1, Q1 and P3 and another route of the transistors
P2, Q2 and P4. The read time i1s not affected by the
transistors Q3 and Q4, transistors having a threshold voltage
Vth of 0.4 V can be used to prevent occurrence of the
leakage currents.

In contrast, the second embodiment 1s configured so that
the precharge power source 32B and the bit lines BLLX and
BLZ are commonly equal to the potential VCC. Hence, no
leakage currents flow 1n the route of the transistors P1, Q1
and P3 and the route of the transistors P2, Q2 and P4. Hence,
the power consumption of the semiconductor memory
device can be suppressed.

The precharge power source 32B can be configured as
shown 1 FIG. 8. The precharge power source 32B 1ncludes
a power source 32B1 for generating the potential VCCH,
and a power source 32B2 for generating the potential VCC.
Either the generator 32B1 or the generator 32B2 15 selected
and 1s connected to the sense amplifier 24B via the output
terminal. A node n2l 1s connected to the gate of a pMOS
transistor P24. The node n2l corresponds to an output
terminal of an inverter composed of a pMOS transistor P21
and an nMOS transistor Q21. A node n22 1s connected to the
gate of a PMOS transistor P23. The node n22 corresponds to
an output terminal of an inverter composed of a pMOS
transistor P22 and an nMOS ftransistor Q22.
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When the potential of the precharge control signal PCZ 1s
switched to the ground level GND 1n the precharging period,
the transistor P21 is turned on and thus the node n21 1is
supplied with the power source 32B1 via the transistor P21.
Hence, the potential of the node 21 becomes equal to VCCH.
At that time, the transistor P24 1s off.

Hence, 11 the potential of the node n21 becomes equal to
VCCH (high level) during the precharging period, the tran-

sistor Q22 1s turned on, and the potential of the node n22 is
changed to the ground level GND. At that time, the transistor

P23 having the gate connected to the node n22 1s turned on,
and the potential VCCH 1s thus applied to the sense amplifier
24B as the precharging power source.

During a period that 1s not the precharging period, the
precharge control signal PCZ is at the potential VCCH (high
level). Thus, the transistor Q21 is turned on and the potential
of the node n21 1s decreased to the ground level GND. At
that time, the transistor P22 1s turned on and the potential of
the node n21 becomes equal to the ground level GND.
Hence, the transistor P22 1s turned on and the transistor P23
1s turned off. Thus, the precharge power source output is
disconnected from the power source 32B1. Since the poten-
fial of the node n21 becomes equal to the ground level GND,
the transistor P24 1s turned on and the potential VCC 1s
applied to the sense amplifier 24B from the power source

32B2.

The present mnvention 1s not limited to the specifically
disclosed embodiments, and variations and modifications
may be made without departing from the scope of the
present invention.

What 1s claimed 1s:

1. A semiconductor memory device comprising:

a memory cell; and

a dynamaic latch type sense amplifier including transistors
that form not only a dynamic latch circuit which holds
or releases data but also charge transfer gates via which
charges are applied to or received from bit lines,

data being read from the cell connected to the bit lines at
a same time as a precharging operation on the bit lines.

2. The semiconductor memory device as claimed 1n claim
1, further comprising a power source which applies a
precharging potential to the bit lines at the time of precharg-
ing and applies a given potential lower than the precharging
potential to the bit lines at a time other than the time of
precharging.

3. The semiconductor memory device as claimed 1n claim
1, wherein said transistors are two transistors connected 1n
cross-coupled formation with respect to the bit lines.

4. The semiconductor memory device as claimed 1n claim
2, wherein said transistors are two transistors connected 1n
cross-coupled formation with respect to the bit lines.

5. A semiconductor memory device comprising:

a memory cell; and

a sense amplifier of a dynamaic latch type including first
and second n-channel transistors which have drains
connected to first and second output terminals of the
sense amplifier, respectively, gates connected to the
second and {first output terminals, respectively, and
sources connected to first and second bit lines, respec-
fively.

6. The semiconductor memory device as claimed in claim

5, wherein the sense amplifier further comprises third and
fourth n-channel transistors which have gates receiving a
common control signal, drains connected to the sources of
the first and second n-channel transistors, respectively, and
sources connected to a given potential.

10

15

20

25

30

35

40

45

50

55

60

65

12

7. The semiconductor memory device as claimed 1n claim
5, wherein the sense amplifier further comprises first and
second p-channel transistors which have gates receiving a
common control signal, sources connected to the sources of
the first and second n-channel transistors, respectively, and
drains connected to the first and second bit lines, respec-
fively.

8. The semiconductor memory device as claimed 1n claim
6, wherein the sense amplifier further comprises first and
second p-channel transistors which have gates receiving
another common control signal, sources connected to the
sources of the first and second n-channel transistors,
respectively, and drains connected to the first and second bt
lines, respectively.

9. The semiconductor memory device as claimed 1n claim
5, wherein the sense amplifier further comprises first and
second p-channel transistors which have gates receiving a
common column select signal, sources connected to the
sources of the first and second n-channel transistors,
respectively, and drains connected to the first and second bat
lines, respectively.

10. The semiconductor memory device as claimed in
claim 6, wherein the sense amplifier further comprises first
and second p-channel transistors which have gates receiving,
a common column select signal, sources connected to the
sources of the first and second n-channel transistors,
respectively, and drains connected to the first and second bt
lines, respectively.

11. The semiconductor memory device as claimed in
claim 4, wherein the sense amplifier further comprises third
and fourth p-channel transistors which have gates receiving
a common precharge control signal, sources connected to a
ogrven power source, and drains connected to first and second
output terminals of the sense amplifier, respectively.

12. The semiconductor memory device as claimed in
claim 5, wherein the sense amplifier further comprises third
and fourth p-channel transistors which have gates receiving,
a common precharge control signal, sources connected to
first and second output terminals of the sense amplifier,
respectively.

13. The semiconductor memory device as claimed in
claim 6, wherein the sense amplifier further comprises third
and fourth p-channel transistors which have gates receiving,
a common precharge control signal, sources connected to a
grven power source, and drains connected to first and second
output terminals of the sense amplifier, respectively.

14. The semiconductor memory device as claimed in
claim 1, wherein the cell 1s an SRAM cell.

15. The semiconductor memory device as claimed in
claim §, wherein the cell 1s an SRAM cell.

16. The semiconductor memory device as claimed in
claim 11, further comprising a power source which applies
a precharging potential to the bit lines at the time of
precharging and applies a given potential different from the
precharging potential to the bit lines at a time other than the
time of precharging.

17. The semiconductor memory device as claimed in
claim 12, further comprising a power source which applies
a precharging potential to the bit lines at the time of
precharging and applies a given potential different from the
precharging potential to the bit lines at a time other than the
fime of precharging.

18. The semiconductor memory device as claimed in
claim 13, further comprising a power source which applies
a precharging potential to the bit lines at the time of
precharging and applies a given potential different from the
precharging potential to the bit lines at a time other than the
time of precharging.
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19. A semiconductor memory device comprising: bit lines via the transistors at the same time data 1s
a memory cell; and being read from the memory cell connected to the bit
a dynamic latch type sense amplifier, wherein said ampli- lines.

fier includes transistors that charge transfer gates, and
wherein said charges are applied to, or received from, * ok % E %
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